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ABSTRACT

Procedures have been developed for prtparing purified aluminum-
phosphato-adsorbed, univalent, bivalent, and pentav~lent botulinum toxoida
to imunize man. 11 preparations were well tol:rted and elicited
sel;isfactory antitoxin responses in man, whether administered s a single
antigen or in coabination. Your separate pentavalent Type AECDE toxoid.
produced immune responses to each ar.ntigen in a considerable proportion of
individuals following an in't''' v-rfos of t ree injections. A booster
Injection administered one yi . . initial injection markedly
Incresee the antitoxin tit- -- ' ,rsble antitoxin titers were
found in 86 *:o 100 per cent oi .iii ./.Jale immunized. The toxoids
vr sntigeric for mice, guinea pigs, .An rabbits. In guinea pigs the
r-lxois aEfforded a high level of resistncs to challenge with toxins

- e by various routes.
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.. T ODUCTION

Botulism in human beings Is a rare disease. As.a result there exists
no peed for imunizing large nusbors'of persons against it. It is-useful,
hoverer, to provide Immunization forlaboratory workers engjge.d in studies
andtesearch on botulinum toxtns. The disease occurs world widel though
Its geographic distribution is irregular.3 In some areas it has been
a serious problem in domestic animals and in water fowl. T11e prevalence
among sheep and cattle in Western Austrelia and among cattle in South
Africa, which .ed on toxic carrion, and in domestic mink, fed on improperly
h'andlod ma-malian or fish feed, warranted generalized ir..unization of
these animals against this disease.

Much bAs been published on the preparation of botulLnum toxoLds since
the ftrst reports by Weinburg and Coy in 194, and the antigenicity
of botulinum toxoids prepared in variois ways has been demonstrated in
experimental animals by a number of early investigators. ' The
experimental inunization of man with toxoid was reported in 1934 and 1936
by Volkanov.l° ' 1 Melnik and Starobinetz" in 1936 showed that an alum-
precipitated toxoid produced antitoxin in guinea pigs. Preparition of an
effective Type C toxoid for the control of botulism In sheep and cattle
in Australia was described by Ee'.etts and Hall13 in 1938.

Kason.14 Sterne,1s and their associates in South Africa demonstrated
that[ mass immunization of cattle with combined Types C ind D formal
toxotds effectively and economically reduced cattle losses due to botulism.
Research was intensified during World War II, and methods for the
preparation of alum-precipitated Types A and B toxoids of high antigenic
value in experimental animals and man were developed by Nizg and
a&sociatesl ,17 in the United States and by Rice et al1 - in Canada.
Prevot and Brygoc,1 produced Type C antitoxin in nan by immunization with
toxoid prepared from toxin extracted from bajterial cells. Methods for
the preparation of Type C toxoid for the control oi botulism in domestic
mink2 2  and game birds3a-38 have also been described. Barron and Reeda"
presented a systematic study of methods for preparing crude alum-
precipitated Type E toxoid. Crude Type E and Type F toxoids have been
prepared for the im-munization of animals and the preparation of antitoxins.

3 -50

Although the bivalent Type AB toxoid developed and produced at Fort
Detrick during World War II produced satisfactory immunity in man5 1 as
measured by serum antitoxin concentration, undesirable local and systemic
reactions to injections of the relatively crude antigens were encountered.
Subsequently, procedures for preparing a purified polyvalent toxoid of
improved clinical acceptability were investigated in our laboratorieq. It
is my pur )se today to discuss the developmert of the purified botulinum
toxoids and their evaluation in man and laboratory animals. Tha information
:o be presented today represents a summation of published Inveatigatlons

carried oat in our laboratories by Du.f, 52 -' Wright,5 Gordon,5 8 Fiock,57 -s '
Cardjlia, 80 - 6

3 and our associates. A brief outline of the methods euplo~ad

in preparng the purified toxins and tokoids will be prsentcd first.
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Following this, data obtained on the assessment in man of univalent, bivalent,
and pentavalent preparations will bA presented. The concluding section of

this report will present studies on the efficacy of toxoids, based on
development of antitoxin titer and resistance afforded actively immunized
animals to challenge with toxin by various routes.

M. MTH{0S O? PREPARUTT0

High-potency Types A, B, C, D, and E toxins were produced by growing
highly t-,xigenic strains of Clostridtm hotulinm ia culture media that were
composed of coemercLally available constituents. Production methods could
be applied readily on a scale suitable for routine production of a biolo&ical.
Toxicity of Type I toxin was Increaied 50- to 100-fold by treat=ent with
trypsin. The activation procedure allowed attainmaent of culture toxicities
of the same order uf magnitude as those obtained with Types A, 8, C, and D.
These results provide the oxplanation for the low epparent.toxicity of
Type 9 cultures, an obsorvation that had been difficult to understand in
view of the high mortality associated with outbreaks of Type E botulism.
The five toxins were purified by chemical methods that included an initial
precipitation, extraction with calcium chloride, one or two reprecipicatLons,
and subsequent resolution into an appropriate buffer system. Specific
activity of the purified toxins ranged fre 40 x l0 mouse intraperLtoneal
LDN (MPLDX) per milligram of total nitrogen with the Type C to approxi-
mately 500 x l0 ?IPLDo per milligram of N with the Type D to.4in.
Ultracentrifugal analysis showed that the Types A and B sedime-nted As a single
boundary. With Types, C, D, and E, the major sedimentin3 boundary represented
80 to 90 per cent of the protein concentr'tion. The toxins were sterilized
by filtration and convertcd to toxoids by incubation in the presence of
formalin. Detoxlfication reactions deviated markedly from first-order
behsvior.

Toxin preparations were usually detcxified in the presence of 0.6 per cent
formalin at 35" to 37*C and pH 5.5 to 6.5 in 15 to 25 days. Although the
toxins were initially more toxic for mice than for guinea pigs, detoxi-
fLcatLon for mice occurred more rapidly than detrxification for guinea pigs.
Fluid toxoids were readily absorbed on alu.,inum pho'phate prepared as
described by VoltC3 for dlpht~eria coxoids. Absorbed toxoidg were
prepared so that on, milliliter of final toxofd contained 7 milligrams of
sdjuvant. Thimerosal In a concentration of 0.01 per cent was used as
preservative. Gentle saikin; for 18 to 24 hours was sufficfent for ads.orption
of the toxoids. Safety testing includsd tests for the presence of toxin
and standard sterility tests.

I
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Procedures developed in our laboratories at Fort Detrick were sub-
sequently adapted for large-scale production by Parke, Davis and Company

under the direction of Dr. Henry B. Devlin. Urivalent and polyvalent

preparations of adsorbed toxoid were produced for expefimental use.

Clinic&l trials with the toxoids have been completed. Toxoids were

administrated in either 0.25- or 0,5-milliliter amounts by deep

Aubcutaneoue inoculation in the deltoid region. The purified toxoids were

well tolera'.id end were considered satisfactory clinically. Considerably

less than one per cent of those L-tmunized have shown a mill. local reaction,

a transient nodule of varying size that persisted for approximately two

wees.

Individual antilenic r- ponses to botulinut:a toxoids were dett.rined by

serum neutralization titri. one in mice, uin3 the univalent Portf:n*

(British) antitoxins an p.--.ary reference standrds, Tht Forton antitoxins

were established as Internstion.l Standards at thi fifteenth Sesvion of

the Expert Committee on Biological Standardiz:ticn World H..lth Organ-

Isation, Ceneva, December 1962.o Purified toxins diluted -tth two

parts glycerine and stored a minus 20C were standardizer' x inst the
reference antitoxins.

The units of ancltoxin used for the stnd.irdiz.ition of the glycerinated

toxins are presented in Tabla I. Th,,r neuraiizinE cipicititp of the uni'sl

of the five types of artitoxin were ,ifferent, but at . 1v'- l of

standardiitzon each antitoxin neutralized appro-i ' 10 LDw of its
homologous toxin.

TA3LE I. UNIT T I "TITOXIX USED
FOR STV;n :1 OF TOXIN

Units of Portin A;itLtoxin

Type Per Mlll.1iter

A 0.02

B 0.005

C 0.02

D 0.16

E 0.0125

* MicrobLolugic-il Rej: rc- E~t.ibli,;h-'wnt, Porton, Englinl.
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In preliminary experiments, guinea pigs iimmunized with nivalent tc. oids

and challenged intraperitoneally withstood I x 105 to I x 1,h IPLD10's of

homologous toxin; the antitoxin titers fo each type at the, imc of challange

were approximately two times the lowest measurable titer. The lowest
measurable titers were, therefcre, tho'igh somewh.it arbitririly, selected as

satisf,,ctory antitoxin levels.

Serum antitoxin titers of indLviduis3 who had received botulinum toxoids
were detarmined at various intervals after pri.iary immunization and again
after boostar iefunization. Efficacy of the toxoids is generally expressed
in taerm s of percantAges of individuals developing these or greater tliters.

The first studies in man were carried ott with the univa lent Type A
toxoid containing 10.2 Lf*/ml. Three schedules of immunization were investi-
gated: 0, 2, 4, and 6 weeks; 0, 2, and 4 weeks; and 0 4nd 8 weeks. The
groups consisted of 11 to 35 Fersons. A sinile injection produced a mean-
urable quantity of antitoxin in a few indivi'luils. Although the 8-week
injection on the 0-8 schedule appeared to ha-e mce boosteripg effect, the

0-2-4-6 schedule showed the highest n=ber of persons with meaiurable titers
at 12 weeks. Toxoids containing 1.7 and 0.34 Lf/msl did nat appear to be as

satisfactory for rapid imunization to the 10.2 Lf toxoid. Booster injection.
consisting of 0.25 milliliter of the 10.2 Lf toxoid were given to all
individuals five to seven months after the initial injection of toxoid.
Satisfactory Lntitoxin levels were present in all persons one month after the

booster, Irrespective of the primary immunization s-hedule. ,lthough the
reduced Lf toxoids exhibited a high booster response, the imnunization with

the 10.2 Lf toxoid on a 0-2-4-6 week schedule appeared to be mo3t satisfactory
for rapid Immunization. Available data indicated that with the 10.2 Lf
product; post-booster titers were maintained at a satisfactory level for
at least five years.

Two purified bivalent Type AB to.oids containing 10.2 Lf of Type

A and 16.2 Lf of Type 8 taxoid per milliliter were also studied in man.
Four schediles of im-unization were investigated in groups of 25 to 50
individuals with the first bivilent preparation: O.5-ml doies were given
subcutineously at 0 and 8 weeks; C ard 10 weeks; 0, 2, an 10 weeks; and
0, 2, 4, and 6 wee 3. A 0.5-ni booster dose of toxrid was given one year
after the initil injection, except that those with the 0-10 week schedule
boosters were given -fte- six nuionths. Ser -i intitoxin titers of individuals
were determined t.wo to three 4eeks after tl initial series and again

eight weeks after the booster.

• The If value of a toxin 13 th.' rit:qSJcr of unI13 of ant.itoxin with which
1.0 ml of toxin floccul tef in -he shorte,it intervil of time.
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The effect of schedule on the primary antitoxin response is shown
in Figure 1. The striated bars represent the Type A response and the
solid bars represent the Type B reiponse. The graph shows the perctntage
of persons that had =etsurable Types A and B titers following initial
Lmmuniza:ion. Numbers in the bars are the weeks after the initial injection
of toxoid.

The percentage of indivfaL.'* having domonstrable titers following
the initial series of injctit.s depended upon the immunization schedule.
Injection# administered at C, .!. Rnd IG weeks produced the greatest
respoirses, and this schedule %v'- selected for routine immunization of man.

Although nt shown, m.z! boo ,er responses were obtained in all
cases irLrespective of prlaAr-/ immunization schedule, and a 12-month
booster appeared to be -jlre mf.'ective than a six-month booster. Available
data shoved that the Typa . tnd Type B titers were maintained 4t a
satisfactory level for at L.;s two years after the 52-week booster. These
results indicated that wnen a rapid, high in.tial response is not desired
an 0-8 or 0-10 schedule with a 52-week booster would be quite satisfactory.

Experiments were then cotducted to extend obt irvations on univalent
Type A and bi-'alent Type AB tj3'jids to pentavile,: preparations containing
the five purified toxoids in cobination wirh Alu-inum phosphate. On
the basis o. exploratory investigations, two conbinations of the five toxoids
were formulated.

The composition cl the first pentavalent preparation, referred to as
ACDE-1, is rhov-n in Table It. Concentrations of Types A, B, and D antigens
are expressed in Lt. Portzn antitoxins were used for the Lf measuremients.
The Type E antigen in this toxcid was expressed " terms of Ef, but
difficulty was encountered witm the flocculation ;f the purified Type E
toxins, and in toxoids 6, 1. and 8 the concentrations of Type E are
expressed in ter, - of L2, ot the purtfied toxin beiore detoxification. The
purified Type C tcxin did nit flocculate; therefore, the concentrations of
all Type C antigens were e presied in terms of Ltl equivalents also. Five
univalent preparations veze also prepared, each of which contained the
same concentration of antigens as in ABCDE-l. A second pentavalent
preparation, ABCDE-2, contained each toxoid at one-fifth the concentration
present in the first. All toxoids contained seven milligrams per ml
of aluminum phosphate.
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TABLE I. COMPOSITION OF THE PENTAVALENT TOXOIDS

Type Concentration of Antigen

A 1.7 Lf per ml

B 0.54 Lf per ml

C 50,000 LDS equivalents per ml

D 4.0 Lf per ml

5 5.0 Lf per ml (ABCDE-1)
100,000 LD equivalents per ml
(ABcDE-6, -7, and -8)

Saventecn persons were Imunized with the ABCDE-1 toxoid and five

or six persons per type were immunized with the unLvalent control toxoids
on a 0-2-10 week schedule. Individual titers were determined 12 and
52 weeks after the initial injection; boosters were given at 52 weeks, and
titers were determined eight weeks after the booster injection.

The data obtained 12 weeks after the Initial injection and eight weeks
after the booster dose are presented in Table 1II. Antigenic responses to
all antigens were found 12 weeks after th, initial injection. Though not
shown, a considerable drop in titer occurred between 12 and 52 weeks. Fifty-

two weeks after the initial injection a small percent3ge had =easurable

Types A, B, C, and D titers and 94 per cent had measurable Type E titers.
With the administration of a booster all titers rose above the levels that

had been obtained at 12 weeks. Eight weeks after the booster one

Individual immunized with the pentavalent toxoid did not have a measurable
Type B titer; all others had titers to all antigens. The median titers

for each type ranged from 20 to 640 times the lowest measurable level. The

univalent groups were not large enough to make adequate comparison of the

univalent and pentavalent response; however, statistical analysis by the

rank sum rnethod showed that the individual responses to te pentavalent

toxoid were generally not significantly different frcm the coircsponding

univalent regponses at either the 12-week or the 8-week post-booster
bleeding.
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TABLE III. ANTITOXIC RESPONSE IN MAN TO PENTAVALENT TOXOID ABCDE-1

Per cent withTime Type Measurable Porton Units Per Ml of Serum

Titers Median Range

A 65 0.05 <0.02 - 0.3

B 82 0.03 <0.005 - 0.2

12 weeks C 88 0.2 <0.02 - 1.2

D 47 <0.16 <0.16 - 1.9

9 94 0.3 <0.0125 - 2.0

A 100 0.6 0.03 - 6.4

B 94 0.1 <0.005 - 1.3
8 weeks
post- C 100 1.2 0.1 -13.3
booster

D 100 4.0 0.5 -51.2

3 100 8.0 0.3 -80.3

A major objective of our program was to obtain a high percentage of
per:ions with measurable levels of antitoxin after the inititbl series of
injections. Preliminary data indicated that an increase in time between

the second and third injection in the initial series would increase the
percentage of individuals with measurable titers. Three additional
pentavalent toxoIds were studied simultaneously.
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. I
Groups of 30 persons were iiunize6 with ABCDE-6, -7, and -8 on a

0-2-12 week schedule; a 0.5-ml booster was given 52 weeks after the initial
injection. All individuals were bled 14 and 52 weeks after the initial
injection and eight weeks after t~he booster. Antitoxin titers were
determined for each type on eacd serum.

The percentage of individuals exhibiting mearurable titers two weeks
after completion of the initial series with each of the pentavalent toxoids
is presented in Table IV. The data obtained with th- ABCDE-I toxoid are
also presented for comparison. Two weeks after completion of the initial
series a large proportion of the individuals had titers to all types regard-
less of the toxoid used. Response to the Type C antig2n was excellent in
all preparations and high percentages of individuals haO Typ-s A, B, and
E titers. The poorest response was exbibi d with the Type 0 antigen. The
median titers ranged from less than measurable with the Type D to as high
as 24 times the meas-rable levcl with Type E.

TABLE IV. COVIPARATIVE INITIAL RESPONS:S IN MAN TO FOUR PPFTAVALEN7 TOXOIDS!'

ABCDE-l ABCDE-6 ABCDZ-7 ABCDE-8

Type A % Measurable 65 90 97 al
Median, units/ml 0.05 0.2 0.2 0.03

Type B % Mcasurable 82 93 80 59
Mediar units/ml 0.03 0.03 0.02 0.008

Type C % Measurable 88 ICO 87 89
Med(an, units/ml 0.2 0.3 0.1 0.1

Type D % Measurable 47 79 60 52
Median, units/ml <0.16 0.5 0.5 0.2

Type E % Measurable 94 100 90 63
Median, units/ml 0.3 0.2 C.08 0.02

a. Toxoid I - 0, 2, 10 week schedule.
Toxoids 6, 7, and 8 - 0, 2, 12 week sche dule.
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The general trend appeared to be toward an increased response with the
0-2-12 week schedule and this was selected for routine immunization.
Although ncr shown, all titers declined between 14 and 52 weeks and only a
small portion of the individuals had measurable titers at 52 weeks.

The data obtained eight weeks after the 52-week booster are shown in.
Table V. It may be seen that a booster given at 52 weeks was very 3ffective
and with toxoids -6, -7, and -8, all except three titers were measurable eight
weeks after the booster. The median titers and percentages with measurable
titers are summarized here. In all cases the median titers were less than
the mean titers; the means, though not shown, ranged from 1.3- to 5.5-fold
of the median titers. After the initial series median titers were 2 to 16
times the lowest measurable level; after the booster, they ranged from 10-
to 100-fold the measurable level. Responses after the bouster were similar
to those obtained with toxoid -1.

TABLE V. CCMPARATIVE BO03TER RESPONSE3 IN MAN
TO FOLUT PENTAVALENT TOXOIDS

AZCDE-I AECDE-6 ABCDE-7 ABCDE-8

Type A % Measurable 100 100 103 100
Median, units/l 0.6 2.1 2.1 0.8

Type B % Measurable 94 100 86 94
Median, units/zl 0.1 0.3 0.2 0.03

Type C % Measurable 100 100 100 100
Median, units/l 1.2 1.2 0,8 0.6

Type D % Measurable 100 100 89 100
Median, units/'I 4.8 2.4 1.2 2.0

Type E % Measurable 100 100 IGO 100
Mediao, unit3s,'- 8.0 1.0 0.2 0.2
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IV. EFFICACY OF TO'.OIDS IN ANIMALS

Throughout the development and evaluation stu.,es, attention was
given to the response of laboratory animals to botulinum toxoids. In
animals estimition of the antigenicity of botulinum antigens is based
not only on development of serum antitoxin titers, but also on development
of resistance to challenge with toxin. Titrations carried out in mice
shoed the absorbed toxoids to be highly antigenic. Maximum protection
to Lntraperitoneal challenge was obtained three to five weeks after
immunization. At thic time the immunized animals survived 1P to l0
mouse LDV. Addition of the aluminum phosphate adjuvant markedly increased
the ancigenicLty of the toxoids for mice. With the ype C toxoid, pro-
tective activity of the adsorbed preparations was approximately 30 times
as great as that obtained with the non-adsorbed.

Early in our studies consideration was given to the relationship
between the serum antitoxin titer and the degree of resistance to botu-
ULnuma intoxication. Experiments wert carried out in guinea pigs, which
were immunized subcutaneously with al-intun-phosphAte-adaorbed univalent
toxoids and challenged intraperitoneaLVI with homologous toxin. Serum
smples were obtained the day bef-r- challenge for antitoxin determinatiuns.
Figure 2 shows the resistance to incrippritoneal challenge as a function
uf antitoxin titer in guinea pigs. kntitoxfn titers are shovn on the
horizontal axis. Arrows on this axis lesignate the lowest measurable titer
for each type of antitoxin. The 50 per cent survival end point, expressed
in MIlU., is shown on the vertical axis. Note that as antitoxin titer
increased, the level of resistance also increased and in several cases
appeared to reach a maximum.

Additional studies were carried out in rabbits and guinea pigs to
determine the antigenic response to univalent and pentavalent toxoids as a
function of type, dose, time, and a booster dose of toxoid.

Separate groups of rabbits and guinea pigs were given subcutaneous
injections of the ABCDE-1, and 2 and of the five univalent control toxotds
described earlier. A booster dose was given to rabbits after 90 days
atid to guinea pigs after 180 days. Antitoxin titers were determined at
intervals after imunization.

A comparison of the Type B antitoxin response in rabbits to the
univalent and pentavalent toxoidg is shown in Figure 3 to illustrate
the nature of the responses. The maximum response to the Type B
antigen in rabbits to a single injection of univalent or pentavalent

toxoidi was obtained in approximately 50 days. In no case dtd the response
to the B antigen in the pentavalent preparations reach that obtained to the
univalent antigen. Responge to the B antigen in the -2 tcxotd was also

lower than the response to this antigen in the -1 toxotd. Titers increajed
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following the 90-day booster injections. It may be seen that responses par-
alleled each other, both before and after the booster injections, and that
the best booster response was obtained with the ABCDE-2 toxoid. The results
obtained in guinea pigs were generally similar. Though not shown, all
toxoid components given individually or in combination stimulated satislactory
antitoxin responses following primary immunization, and the titers increased
following booster injections. Antibody formation was more rapid with the
more concentrated pentavalent toxoid in both rabbits and guinea pigs. The
results iB both species are summarized in Table VI.

TABL! VI. XXIMN INITIAL A.'TOXIN RESPONSE TO ABCDE-l
RELATIVE TO UNIVALMMT CONTOLS

TyOe Titer with Pentavalent/Titer with univalent

Rabbits Guinea Pigs

A 10% 140%

3 14% 4%

C 95% 20%

D 33% 14%

g 37% 20%

With few exceptions the results indicate that formation of individual
antibodies was decreased when the toxoids were given in a pentavalent
combination. The repression appeared to be less marked during the secondary
response following booster. In general, a slower rate of antibody formation

and a more marked repression were observed in guinea pigs than in rabbits.

Data are not available for conversion of the antitoxin units to weight units,
and accordingly the total amount of antibody produced in response to the
pantavalent combination cannot be compared in absolute terms with the

univalent controls. It appears, however, that the total antibody response

to the combination was not greatly different from that to the univalent

antigen. It seems probable that the decreased individual responses

represented a competition of the antigens for the antibcdy-forming

mechanism, or possibly for the adjuvant activity of the aluminum phosphate.

-- • m m m n m m m m m II II I
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To further evaluate the efficacy of botulinum antigens, consideration
was given to the resistance afforded immunized animals to chillenge by

various routes.

It has been established that inhalation of botulinum toxins in moderate
doses is lethal to laboratory animals.e  It seemed possible that 1 1
respiratory chAllenge might provide a more severe test of the efficacy of
toxoido than challenge by other routes. Support for tnis view was provided
by Ikolev'ses a finding that higher levels of antitoxin were required
for prophylaxis against inhalation of botulinum toxin than against other
routes. I would like now to present to you results of some of our studies
to determine resistance afforded actively Imnunized guinea pigs to chal-
lenge with botulinut toxins by various routes.

The toxins used in our Initial studies were produced from cultures
rown in cellophane tubing imersed in nutrient medium. Cultures were

clarified by centrifugation and used without further concentration or
purification, since unaltered call-free prepar3tions were considered to be
most suitable. Type Z toxin was activated with trypsin prior to cl.ri-
fication of culture and subsequently stored in the frozen state. 

Intraperitoneal and oral LDW estimates of toxins were determined in mice
and guinea pigs. Reapiratory LrDA estimates were determined in guinea pigs
exposed bodily to static aerosols of the toyins. More th..n 60 per cent of
the particles, in the aerosols were five microns or less in diameterl The
guinea pig inhaled dose, in terms of ?IFLD3 units, wa estimated by I
titration of the collecting fluid frcm impinger samplers. Serum antitoxin
titers of the immunized animals were determined on sera obtained by cardiac
bleeding of the animals the day before challenge.

Before imrunized guinea pigs were challenged, the toxicities for
normal guinea pigs were determined in terms of mouse LD: units and were
then translated into guinea pig anits. These estimates for the five toxins
administered by the various routes are sumarized in Table VII. The results
are expressed in mouse intraperitoneal LD". Asmay be seen, the animals were
most susceptible by tha irtraperitoneal route, as expected, and were more
susceptible to toxin administered by the respiratory route than by the
oral route.

Expression of the respiratory LD! estimates in terms of guinea pig
4ntraperitoneal LD revealed that guinea pigs show essentially similar
svsceptibility to the five toxins administered by the respiratory route.
The respiratory susceptibility is more closely related to the oral
susceptibility than to their intraperitoneal susceptibility with four of
the five types.
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TABLE VII. TOXICITY OF BOT-ULINUM TOXINS FOR THE
GUINEA PIG BY VARICUS RGUTES

Type Toxicity in MIPL 0 Units

IP Respiratory Oral

A 5.2 141 717

4 4.2 350 306

C 1.6 87 177

D 4.1 186 436

1 34.3 778 178,000

In our first series of experiments, groups of guinea pigg were immunized
by the subcutaneous routs, each with a single injectron of uni.alent toxoid.
Each of the univalently immunized groups of guinea pigs was diviokd into
three subgroups, which were Challenged 36 to 40 days after immunization with
homologous toxin by the oral, respiratory, a.il incraperitcneal routes
respectively. Norrmal control groups were challenged in the sam.e manner.

The respiratory challenge res-Its are sunmtmarized in Table VIII. Average
antitoxin titers and the range of titers obtained for each type of
immunization are shown in the second column. The hallenge doses are shown
in the third column. Note that in this and all nubsequent tables the
challenge doses are expressed in terms of guinea pig LDW by each route.
Challenge results and per cent survivals are also shown. Note that 79 to
91 per cent of the actively immunized guinea pLgs survived Ehis level of
respiratory challenge. Although not shown in Table 7III, 70 to 100 per tt

of the subgroups 'challenged by the intraperitoneal and oral routes respectively

survived challenge of I0 to 105 LD5.

Average antitoxin titers ranged from 10 to 50 times measurable levels,
and although a considerable variation in antitoxin titers was obtained, the

high percentage of survivors made it impractical to test for a relationship

between serum antitoxin titers of individual ;inimals and resiatance to
challenge.
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TABLE VIII. GUINEA PIG RESPONSE TO AEROSOL
CHALLENGE WITH BOTULINUM TOXINS

Respiratory

Toxin Antitoxin Challenge, No. Survivors Per Cent
Type Titer L!, units Totil/Exposed Survival

A 0.3 5 40/44 91
<0.04-0.96

0.059 7 30/38 79
<0.005-0.8

C 0.4 8 38/44 86
<0.02-1.9

D 6.1 9 35/39 90
<0.32-21

0.29 3 26/32 81
<0.025-2.0

It appeared evident from these results that higher levels of challenge
would be necessary to determine the magnitude of resistance to respiratory
challenge. A seco-nd test in this series of experiments was designed
to accomplish this.

Groups of guinea pigs were imunized with either univalent Type D
or pentavalent botulinum toxoids and subsequently ciallenged with graded
doses of toxin by the respiratory route. Type D was selected because the
toxicity of the culture permitted higher challenge doses. Immunization
with pentavalent toxoid was included so that effectiveness of an antigen
in a multivalent preparation and a univalent antigen could be compared.
Results of this tesc are shown in Table IX.

The type of i-unzation is shown in the first column. One-half
milliliter was employed as an immunizing dose for the univalent group and
for the first pentavalent group, and these groups were challec, ed 40 days
after immunization. The second pentavalent group received 1.0 milliliter
as an immunizing dose and was challenged 50 days after immunization.

Subgroups were chollenged with graded doses of Type D toxin by the
respiratory route. S,,aller groups of guinea pigs immunized in the same
manner were challengee by the intraperitoneal and oral routes.
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TABLE IX. CHALLENGE OF IVUNIZED GUINEA rIGS WITH
TYPE D TOXIN BY THE RESPIRATORY ROUTE

Respiratory
Typo of Antitoxin Challenge, No. Survivors Per Cent

Jnunization Titer LD units Total/Exposed Survival

3.8 22 40/40 100
Univalent 162 40/40 100
(0.5 0l) 3.2-5.1 2100 40/40 100

0.63 26 20/20 100

Pentavalent 277 20/20 ICO
(0.5 ml) <0.16-1.9 2090 16/20 80

26 20/20 100
Pentavalent 1.5 230 20/20 100
(1.0 21) 0.32-5.8 1980 20/20 100

None 1 6/20 30

The second column shows the average antitoxin titea of serum pools
obtained the day befo:e challenge ond the range of titers obtained on theie
pools. Challenge results and per cent survivals are shown in the next columns.
!sasentially all of the actively imimunized guinea pigs survived 20 to 2000

respiratory LDr.. Although not shown in Table IX, 60 to 100 per cent of
comparable immunization groups survived 105 guinea pig LDV when challenged
eithe: by the intraperitoneal or by the oral route.

Additional experiments were conducted with dynamic aerosols generated in
the Henderson apparatus. Groups of guinea pigs were irrnunized with a 0.5-ml
dose of pentavalent toxoid and challenged after 40 days with a single type
of toxin by the intraperitoneal, oral, and respiratory routes.

Table X presents a summary of the results obtained with the Types A
and D challey es. The immunization of guinea piSs with pentavalent toxoid
afforded a h<h level of protection to challenge by the three challenge routes
employed. Resistance to challenge by the respiratory route was similar to
resistance to challenge by the intraperitoneal and oral routes. Essentially
similar results were obtained with the Types B, C, and E toxins.
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TABLE X. RESISTANCE AFFORDED PENTAVALENTLY IIUNIZED
GUINEA PIGS TO CHALLV;GE BY VARICUS RO-TES

Toxin Challenge Chillenge Results

Type Route LD Survivors/Total Per Cent Surviv l

Xntrsperitoneal 3 x is 8/15 53

A Oral 5 X IO 15/16 94

Respiratory 3 x le 11/12 92

Intraperitoneal 2 x le 8/14 57

D Oral 4 x 10' 8/10 80

Respiratory 2 x 10' 6/13 46
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V. DISCUSSION

Dr. Murray: Thank you very much. This paper is now open for discussion
and comments. It certainly has indicated the possibilities of active
immunization and much of the data presented, at least in the case o2 animals,
would indicste the relationship of the antibody levels that must be present
to protect against the different amounts of toxin given by different routes.
I think this, In itself, is important infor-iation.

Q. Dr., Rogers - Nashville. Mr. Cardtlla, I am vary Impressed with the
total response. Did you do any studies on the incidence of antibody respoo,-
after the first, second, and third shot of toxoid in your studies?

A. With regatd to the pentavalent Lmun!iztIcns, we have not. However,
In a small group of individuals antitoxin titers were determined following
immunization with the unLvalent ard the bivalcnt antigens. There were
indications that & very small percentage developed antitoxin titer after a
single injection of a more concentrated toxoid. A highar percentage had
titers after the second and, of courie, as dctcribcd, after the third injection
or after a fourth. A higher proportion has ZC4surIbl titers after the
series and this, as I doscribed, was the bisis for spacing the injections to
actually take advantage of what appeared to be animnazt!c reactions.

Q. From the audience: Mr. Cardella, my question is - how did you
establish the dose that you applied in the Inhalation challenge?

A. lais was done by first detera ining the breathing rates and volumes
of the aninnals exposed to the aerosols. During aninal exposure, concentration
of toxin in the aerosols was deterined by obtaining air samples in
appropriate pre-rate] air s.i.plers cont ilnin4' collecting fluid. This fluid
was titrated for toxin concentrition. Esti-nites of animal dose inhaled were
made from the data obtained based upon the relationihip between concentration
of toxin per volume of air sampled and volume of air inhaled by the
animals.

Q. From the audience: Could you say scmething about possible reactions
to the toxoid?

A. We have seen what we consider to be mild to moderate local reactions.
I think some of you may have observed this. It has been described as a
small nodule of varying size that persists for varying periods of time.
Incidence of this with the pentavalent tc-oid is about one per cent.
Approximately 1000 individuals have rcceivel] this toxoid. Indications are
that the percentage of reactions to the pentiv-ilent may be slightly higher
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than to our univalent or bivalent preparations. This may be due to the
adjuvant, which has been modified slightly. We are now using a Holt's
aeven-eighth aluminum phosphate gel, which is essentially seven-eighths
aluminum phosphate and one-eighth aluminum hydroxide. The previous
phosphate was essent!ally all ortho-phosphate. I might point out that in
our pentavalent preparations the Types C, D, and E antigens were not taken
to the degree of purity that the A and B were. It is possible that inclusion
of one of these antigens might account for the slightly higher reaction
rate. It appears to be at a relatively low rate, however.

Q. I am Dr. Patty from Baltimore, Mr. Cardella. I wanted to thank you
fur a very interesting and very beautifully presented paper that intarested
most of us here. I have one question. Did you see any total failures of
response in humane to the pmntavalent toxoid and, if so, can these be
explained In any manner and, secondly and part of this name question, would
you consider these people resistant to botulinum toxin?

A. We have seen lack of response to any antigen in the pr'msry
Imnizations. We have followed approximately 120 individuals, and four of
these shoved no response to any of the five antigens after the initial series.
I might point out that approximately 41 per cent shoved titer to all five
amtiens and at least 79 per cent showed measurable titer to at least four
of the five antigens. The incidence of no measurable response was fairly
low.

Failure to demonstrate antitoxin titers following toxoid injections
could be attributed to the limit of sensitivity of the neutralization test
employed to measure ticers. With regard to considering these people
resistant to botulinum toxin, it can be pointed out that laboratory animals
with no demonstrable antitoxin titers following an injection of toxoid were
resistant to tcxin. In fact, the apparent non-responder may have produced
antitoxin that is not measurable by our test. For the absolute non-responder
I wvould not reccmmend a willful exposure to toxin.
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